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© Fluoroelastomer composition with low tendency to foul molds. 

© A composition that exhibits low tendency to foul mold cavities comprising a ^tato^ vinylidene 
fiuoride units and units of at least one other fluorine-containing monomer copolymenzable with vmyiidene 
fluoride; a bisphenol or a polyhydroxy phenol crosslinking agent of the formula 

OH 




or 




CM 
CO 



CO 
CO 
CO 



where R is H, alky! or aryl and R is alky, or aryl; a divalent metal ox.de or hyd rox.de and 
weight per 100 parts by weight fluoroelastomer of a crosslinking accelerator wh.ch ,s ^ 
ammonium salt of the formula R* 4 N + X" wherein each H is independently an alkyl group of 2-10 canbon 
atoms or an aralky. group of 7-10 carbon atoms and X" is selected from the group consisting of fluor.de. 
hydrogen phosphal, periodate. acetate, hydrogen sulfate, methane sulfonate, toluene sulfonate, or an 
anion of a bisphenol or a polyhydroxy phenol. 
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Fluoroelastomer Composition With Low Tendency To Fou! Melds 
BACKGROUND OF THE INVENTION 

This invention relates to novel vinylidene fluoride-based fluoroelastomer compositions that exhibit little 
5 tendency to foui molds, i.e., minor or no mold deposits are formed after repeated moldings in the same 
mold cavities. 

Fluoroelastomers may be cured with combinations of polyhyriroxy compounds, typically difunctional 
phenol compounds, as the crosslinking agent and quaternary phosphonium or tetraalkyl ammonium salts as 
accelerators, as is described In U.S. 3,355,727 to Patel and in U.S. 4,496,632 to Schmiegel. The chloride 

w and bromide salts of the phosphonium or ammonium accelerators are most commonly used and the 
ftuoroeiastorner compositions usually include metal hydroxides and metal oxides as acid acceptors for the 
curing formulation. However, the manufacture of molded products from these compositions presents a 
serious problem because, in spite of the fact 3iat mold release agents are sprayed into the mold cavity to 
coat the moid cavity surface or release agents are incorporated in the polymer, the vulcanizates tend to 

75 adhere to the walls o» the mold cavity. After only a few mold cycles heavy black deposits are formed on the 
walls of the mold. These deposits can have a serious adverse effect on the quality of the molded articles so 
that reject losses and major aowntime incurred for mold cleanup add materially to the cost of manufacture 
of the fluoroelastomer article. Thus, there is a need «r. the fluoroelastomer art for compositions that can be 
molded repeatedly, in the same cavity, without the formation of dirtied or fouled mold surfaces. 

20 

SUMMARY OF THE INVENTION 

25 The present invention is directed to a fluoroelastomer composition that exhibits low tendency to foul 
moid cavities which compnses: 

(a) a fluoroelastomer comprising vinylidene fluoride units and units of at least one other fluorine- 
containing monomer copolymer; zable with vinylidene fluoride, said monomer containing 2-7 carbon and 
containing at least as many fluorine atoms as carbon atoms; 

30 (b) a crosslinking agent selected from the group consisting of a bisphenol or a polyhydroxy phenol of 

the formula 



35 




OH OH 

40 

where R is hydrogen, aJkyl or aryl and r' is alkyl or aryl; 

(c) a divalent metal oxide or hydroxide as an acid acceptor; 

(d) 0.2-4 parts by weight per 100 parts by weight of fluoroelastomer of a crosslinking accelerator 
45 which is a quaternary ammonium salt of the formula R" 4 N*X~ wherein each R is independently an alkyl 

group of 2-10 carbon atoms or an aralkyl group of 7-10 carbon atoms and X~ is selected from the group 
consisting of fluoride, dihydrogen phosphate, periodate, acetate, hydrogen sulfate, methane sulfonate, 
toluene sulfonate, or an anion of a bisphenol or a polyhydroxy phenol of (b) above. 

50 

DETAILED DESCRIPTION OF THE INVENTION 



The vinylidene fluoride copolymers that are cured with the vulcanization system of this invention contain 
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as a crosslinks accelerator a quaternary ammonium salt of the formula R" 4 N X where R , I each 
instance is independently an alky! group of 2-10 carbon atoms or an aralkyl group of 7-10 carton atoms 
preferably an alky I group of 2-4 carbon atoms, most preferably 4 carbon atoms, and X ,s selected from the 
SS — g oMIuonde. dihydrogen phosphate, periodate, acetate, hydrogen sulfate 
toluene sulfonate, or an anion of a bispheno. or a polyhydroxy pheno, of (b) described herein *»ve The 
quaternary ammonium salts wherein the anion is that of a bisphencl or a po yhydroxy pheno, are readHy 
prepared by the rapid reaction of a tetraalkylammonium hydroxide and at least an equ.molar ™tofthe 
aromatic hydroxy compound in an inert solvent, such as methanol, which ,s subsequently removed. The 
groups Sn be symmetrical or asymmetrical Most preferab.y, each R is an alkyl group hat 
c^ta°n S 4 clrbon atoms, i.e.. n-butyl. It has been discovered that when a tetraalkylammon.um salt of ha 
nventon and a bisphenol or a polyhydroxy phenol are used in the curing formuiation for the viny dene 
Toride-based fluoroelastomers. the mold cavity in which the fluoroelastomer ,s cured does not contain 
amounts of black deposit that most frequently form on the mold cavities during the cunng P"^J^en 
this build-up of black deposit occurs the quality of the molded articles is unsatisfactory and the molding 
process must be interrupted until the deposit is removed from the mold cavity. 

As added advantages of the fluoroelastomer composition of the present invent.cn. rt has been found that 
the fluoroelastomer has a significantly lower compound viscosity making the fluoroelastomer easier to 
process and further, the cureo fluoroelastomer has excellent compression set resistance. 

Usually, the quaternary ammonium salts that function as crosslinking accelerators used ,n this ; mvention 
are incorporated in the fluoroelastomer in amounts of about 0.2-4 parts by weight per 100 parts 

fluoroelastomer. preferably 0.4-2 parts. 

The vinyiidene fluoride copolymers useful in this invention with the novel curing system , contain^ in 
addition to vinyiidene fluoride, one or more fluorine-containing monomers copolymerizable with vinyiidene 
deride, laid monomer containing 2-7 carbon atoms and contains at least as many fluorine atoms as carbon 

25 at0m T^e fluoroelastomers used in this invention are copolymers of vinyiidene fluoride with hex- 
afluoropropylene, chlorotrifluoroethylene, 1-hydropentafluoropropylene. or 2-hydropentafluoropropylene and 
copolymers of vinyiidene fluoride, tetrafluoroethylene and hexafluoropropylene or 1 -hydro- or 2-hydropen- 
tafluoropropylene. "Copolymer" herein means the product of copolymerizing two or more n»nome». 
Especially preferred are vinyiidene fluoridemexafluoropropy'erie copolymers in wh.ch the monomers are 
combined in a molar ratio of about 88:12 to 50:50. and vinyiidene fluoride terpolymers of he type disctosed 
in 2.968.649 to Paifthorp et ai. The fluoroelastomer can also be any other vinyiidene fluonde copolymer 
which can be cured to useful products, for example copolymers of vmylidene fluoride and hex- 
^oropropylene or pentafluoropropy.ene or linear perf.uoro alpha olefins with dichlorod-fluoroethy ene 
chlorofluoroethylene, chlorolrifluoroethylene. bromotetrafluorobutene, bromotnfluoroethylene Powers of 
m C ™ shown in Apotheker et al. U.S. Pat. No. 4,214.060 and U.S. Pat. No. 4,0 3^565) ■ with fluorinated 
vinyl esters, with derivatives of perfluoroacrylic acid, and with fluorinated alky, vinyl e hers; . the 'after can be 
Istrated by copolymers of vinyiidene fluoride, hexafluoropropylene and a perfluoroalky alkyl perfluorovinyl 

^Useful copolymers of vinyiidene fluoride and 1 ,2.3.3,3-pentafluoropropylene are described in U.S. Pat 
No 3 331 823 and copolymers of these two components with tetrafluoroethylene are descnbed in U.S. Pat. 
No' 3 335 1 06. The "other fluorinated monomer" of such an elastomeric copolymer ,s preferably an 
ethylenically unsaturated monomer containing at least as many fluorine atoms as carbon atoms 

An acid acceptor that ,s a divalent metal oxide or hydroxide is incorporated .n the fluoroe^stomer 
composition Representative divalent metal oxides include calcium oxide, barium oxide, magnesium ox.de 
™r.ead oxide or divalent metal hydroxides of calcium or barium. The amount of meta compound 
added generally is about 1-15 parts by weight per 100 parts fluoroelastomer. preferably about 2- 0 parts. 

The acid acceptor not only absorbs certain gaseous and acidic materials which are evolved during 
curing and can chemically attack and weaken the fluoroelastomer but. also, they have important functions ,n 
so controllinq the rate of crosslinking and final properties. 

The curing system used with the fluoroelastomers must contain, in addition to the quaternary ammo- 
nium salt disclosed herein, certain crosslinking agents that are either bisphenols or polyhydroxy phenols 
described herein. It is the combination of these components that results ,n a vmyhdene ^'^f 
fluoroelastomer that can be repeatedly molded in a mold cavity without the formation of excessive amounts 
55 of residue on the surface of the mold cavity. 

The crosslinking agent used in the fluoroelastomer compositions are bisphenols usually having the 

formula: 
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where A is a stable divaJent radical such as 
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75 Representative bisphenols include 4,4-hexafluoroisopropylidene diphenol, 4,4-isopropyiidene dipnenol, and 
4,4 -dihydroxydi phenyl sulfone. The Crosslin king agent can be a polyhydroxy phenol of the formula: 




or 



R'— C 
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where R is H or an aikyl group having 1-4 carbon atoms or an aryl group containing 6-10 carbon atoms and 
R' is an alky! group containing 1-4 carbon atoms or an aryl group containing 6-10 carbon atoms. Blends of 
twc or more crossiinking agents can be used in the present invention. 

Preferred bisphenols and polyhydroxy pheno! crossiinking agents include 
4,4-hexafluoroisopropylidene diphenol; 
4,4 -dihydroxydiphenyl sulfone; 
4,4 -dihydroxy benzophenone, 
2,4-dihydroxybenzophenone, resorcino! and 
hydroquinone. 

The crossiinking agent can be added to the ingredients in amounts of from about 0.1-5 parts per 100 
parts fluoroelastomer, preferably 0.6-2.5 parts. 

Fillers are often added to the fiuoroelastomers described above to improve their molding characteristics 
and other properties. When a filler is employed it is added to the vulcanization recipe in amounts of up to 
about 100 parts, preferably between about 15 and about 50 parts per 100 parts fluoroelastomer. Repre- 
sentative fillers which may be used in this invention are reinforcing thermal grade carbon blacks or non- 
biack pigments of relatively low reinforcement characteristics such as clays, barytes, etc. Conventional 
plasticizers, softeners and processing aids, preferably esters or ketones commonly used with elastomers, 
may also be added to the fiuoroelastomers if desired. 

When the selected quaternary ammonium salts of this invention are used in combination with the 
particular crossiinking agents, fluoroelastomer compositions are obtained that can be molded repeatedly in 
the same cavity without large amounts of polymer deposits forming on the walls of the cavity. 



so 



Measurement of Mold Fouling 
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In order to evaluate the tendency for various fluoroelastomer compositions to build up deposits in moid 
cavities after repeated moldings the following procedure was used. A 19.0 cm. x 19.0 cm. x 3.18 cm. 
bottom plate with nine disc-shaped cavities. 2.86 cm. M.125 in.) in diameter and 0.19 cm. (0.075 in.) deep 
and surrounded by an overflow runner system ^ a s orepared from SAE 1141 steel and was then hardened 
to a Rockwell Hardness of 15-20. The cavities were numbered and used as machined, without further 
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surface treatment A matching flat top plate was provided. Prior to testing a new compound each cavity 
w^ thoroughTy c eaned with a Bright Bo> mold cleaning stick, blown free of dus, with dry. o.l-f.ee a,r and 
taS a 50 voi. % mixture of 1 ,1 .2-,richloro-2.2. 1 -«rifluoroethane (FREOW-113) and acetone and 

5 *" d Test compounds were sheeted out on a mill to an approbate thickness of 0.25 cm. and then 2.5 cm. 
diameter disks were cut out to fit the moid cavities. Specimens were then cured for 10 mm. at 177 C under 
a mow pressure of 4 MPa. After each mold cycle the cured specimen Was removed care u yand^ 
witha fresh uncured disk and the procedure continued repeatedly until there were a total of fifty complete 

,o ° yC At' least one mold cavity was unused and served as a reference point for determining the amount of 
deposits Stocks containing" the common crosslinking accelerator henzyltriphenylphosphon.um chfonde 
begin showing mold fouling almost from the very first mold cycle and deposits confnue to buHd up untiK 
^ 50 cycle's, the mold cavity is covered by a heavy, black deposit. These J^*"™ 
"heavy" deposits. Stocks containing the non-fouling accelerators of th.s invention w.ll show little ( trace ) or 

is no ("none") deposits after fifty cycles. ._,...« 
The following examples further illustrate the invention. Ail amounts shown are by we^h unless 
otherwise indicated. Tetra-n-butylammonium is referred to simply as tetrabutylammonium throughout. 
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20 Example I 

A fluoroelastomer composition of the present invention is prepared, cured and teste d for physical 
properties and mold foul.ng. The composition is obtained by blending the followmg on a 2-roll rubber rn.ll 
whose rolls are a, about 2 V C: 100 parts o, a copolymer of vinylidene fluoride and he** ^Propylene 
(60/40 wt ratio, Mooney viscosity ML-10 at 10O'C. o< 65), 30 parts of carbon black, 4.5 parts of the ac.d 
acceptoVcLc um hydroxide. 3.0 parts of the acid acceptor magnesium oxide. 2.0 parts of the crossing 
agenf V hexa,, Joisopropylidene diphenol. and 0.6 parts of the crosslinking accelerator te^abutylam- 

^tst^ns 01 ^ prepared and Mooney scorch determined at 121 'C for 30 min. a = ng to 
ASTM D-1646. Curing characteristics were determined with the peculating disc : cure .meter accordmg to 
ASTM Method D-204I. The cure state achieved in 30 min. at 177 C is measured by M„-M u ,n Rm, where 
Mm is the highest torque reached and M L is me minimum torque. The time in minutes r^redt .reach 
90% of total cure is given by tc90 and the relative rate of cure can be approximated by the quant,ty 1,90- 
t s 0.2 in minutes, where 1,0.2 is the time required for the torque to increase by 0.2 Rm. 

Samples for testing are first press-cured at 177" C for 10 min. at a mold pressure o 4 MPa and are 
men postoured for 24 hours at 232* C in a circulating air oven. After postcuring the samples are subiected 
W heat aging by exposure to circulating air for 70 hours a. 275 C in an oven. The modulus at 100 A 
elongation tensile strength end elongation at break values for press-cured, post-cured or teal-aged 
samples are obtained at room temperature by ASTM Method D-412. Compress.on set va.ues on post-cured 
40 0-rings are obtained by ASTM Method D-395-61 . . .„ 3K _ 

Test results are shown below in Table I. The mold fouling test is carried out as described hereinabove. 
After 50 curing cycles there are no deposits of cured elastomer on the surface of the mold. 



4S Example 2 



The procedure described above in Example 1 was repeated except that 1.8 parts of ^ -hex- 
afluoroisopropylidene diphenol and 0.41 parts of tetrabutylammonium hydrogen sulfate are used Date are 
given in Table 1 and show that after 50 molding cycles there are no deposits on the surfaces of the test 
50 mold. 



55 



Comparative Example 1_ 

The procedure described above in Example 1 was repeated except that 0.60 parts of benzyltriphenyl- 
phosphonium chloride is used as the, crosslinking accelerator rather than let rab u ^^7°™ u ™ h .f h 7 a 9 h e er 
sulfate. The data are g.ven in Table 1, and show that the Mooney viscosity of the < "°™^°™' * 
than when a crosslinking accelerator of this invention is used, and that moderately heavy depos.ts are 
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formed on the mold cavity waH. 
Examples 3 and 4 



The procedure described above in Example 1 was repeated except the fluoroetastomer is a copolymer 
of vmylidene fluoride, hexaflucrcpropylene and tetraftuoroethylene (wt. ratio 45/30/25, Mooney viscos.ty, ML- 
10 at 1 2rc of 70) Polymer black, calcium hydroxide, magnesium oxide and bisphenoi are used in the 
amounts snown in Table 2, and as an accelerator, tetrabutylammonium hydrogen sulfate is present at 1.00 
pans in Example 3 and at 0.67 parts in Example 4. Test data show tetrabutylammonium hydrogen sulfate to 
be a very effective crosstinking accelerator in combination with 4,4 -hexafluoroisopropylidene diphenol «n 
promoting cure and demonstrate that when it is used no mold deposits are formed on the mold cavrty wall 
after fifty molding cycles in the same mold cavity. 



Example 5 

The procedure described above in Example 1 was repeated except the ftuoroelastomer was a 
copolymer of vinylidene fluoride, hexafluoropropylene and tetrafluoroethyiene (wt. ratio 35/35/30, Mooney 
viscosity ML-10 at 121*0, of 60) that was compounded with additives and diphenol curative, in the 
amounts' shown in Table 2. Tetrabutylammonium hydrogen sulfate, 0.86 parts, is used as the accelerator. 
No mold deposits formed on the mold cavity wall after fifty molding cycles. 



25 Comparative Example 2 

For comparative purposes a fiuoroelastomer composition outside of the present invention is prepared, 
cured and tested for physical properties and mold adhesion. The composition is obtained by blending the 
following on a 2-roll rubber mill whose rolls are at about 25* C: 100 parts of fiuoroelastomer used in 
30 Example 3, 30 parts of carbon black, 4.5 parts of calcium hydroxide. 3.0 parts of magnesium oxide. 1.9 
parts of 4,4'.hexafluoroisopropylidene diphenol. and 1.00 parts of benzyltriphenylphosphonium chlonde. 

The composition was cured and tested as in Example 1 and test results are shown in Table 2. Th lS 
compounded stock has a high Mooney viscosity, which would imply poor processability, and mold deposits 
of cured elastomer were heavy after fifty repeated moldings on the same surface. 



Comparative Example 3 

For comparative purposes another fiuoroelastomer composition outside of the present invention is 
40 prepared by blending 100 parts of the fiuoroelastomer of Example^. 30 parts of carbon black, 4.5 parts of 
calcium hydroxide, 3.0 parts of magnesium oxide, 2.3 parts of 4.4 -hexafluoroisopropylidene diphenol. and 
1 .03 parts of the accelerator benzyltriphenylphosphonium chloride. 

This compounded stock has a high Mooney viscosity and is slow curing, as judged by the value of tc90- 
t s 0.2- It is cured and tested as in Example 1. with the results shown in Table 2. There were heavy mold 
45 deposits of cured elastomer after fifty repeated moldings on the same surface. 



Example 6 

The procedure described above in Example 1 was repeated with ingredients and additives in the 
amount shown in Table 3. The crosslinking accelerator was 0.62 parts tetrabutylammonium fluoride 
trihydrate. The mold fouling test was conducted as described above. The data show that this composition 
has a low compound viscosity, has a fast cure, good physical strength and low compression set. No mold 
fouling occurs on the moid cavity wall after repeated moldings in the same mold cavity. 



Comparative Example 4 



6 



EP 0 333 062 A1 



10 



For comparative purposes a fluoroelastomer composition outside of the presennnvenhon » P«P«™d. 
cured and tested for physical properties and mold adhesion by procedures descnbed ,n Example T The 
uoroelastomer is a Jinylidene fiuoride, hexa.luoropropy.ene, ^ ,l -- t ^ ,e " e ^7j L e ; o ^ 12 P f- y " e ; f 
ized monomer units present in the weight ratio 45:30:25 and has a Mooney vtscos.ty (ML-10 at 121 C) of 
70. The composition is prepared by blending the following on a 2-rol. rubber m.ll whose ^to ar at abou 
25 -C: 100 parts of fluoroelastomer, 30 parts of carbon black, 4.5 parts of calc.um hydroxide 3 0^ parts of 
magnesium oxide, 1.9 parts of 4,4-hexafluoroisopropylidene diphenol. and 0.65 parts of tetrabutylam- 

m ° n Te™t'reTufts are shown in Table 3. This compounded stock has a high Mooney ^ 
imply pcdr processability, and deposits of cured elastomer were heavy on the mold surface after fifty 
related mowings on the same surface. When the tetrabutylammonium compound contams ,od,ne mstead 
of one of the anions of this invention extensive mold fouling occurs. 



is Comparative Example 5 

The procedure described in Example 6 was repeated except tetrabutylammonium bromide was usee I as 
a crossing accelerator in the amount shown in Tabie 3. The teat data shown that when the ^butytem- 
monium compound contains bromine instead of one of the anions of this invent™, f ~^™fens 
20 is high and heavy elastomer deposits are formed on the mold surface after repeated mold.ng operations 
carried out in the same mold cavity. 



25 



Comparative Example 6 

in a procedure exactly equivalent to that of Example 6, tetrabutylammonium chl oride was used as a 
cure accelerator in the amount shown in Table 3. The test data show that when the tetrabutylammonium 
compound contains chlorine instead of one of the anions of this invention, the compound v^cosrty .s hrgh 
and heavy elastomer deposits are formed after repeated molding operations earned out ,n the same mold 
30 cavity. 
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Examples 7-9 

The procedure described above in Example 1 was repeated except that ^^^T^^t 
of vinylidene fluoride, hexafluoropropylene and trifluoroethylene ,n a we.ght ratro of 4530^ ^ndh*i a 
Mooney viscosity of (ML-10 at 121 ' C) of 70. The crosslinking accelerators used w,th MhmMm 
were tetraethylammonium hydrogen sulfate (example 7), tetrabutylammon.um hyd rogen sulfa, * J**^^ 
and tetrabutyWmmonium dihydrogen phosphate (example 9) with the mgred.ents and ,n he am0 "" t ^ n 
m Table 4. The crosslinking accelerators used in these examples resuit in a tow v.scosrty fluoroelastomer 
The mold fouling test described above was repeated. After fifty repeated mold cycles the wall of the mold 
cavity did not contain elastomer deposits on its surface. 



45 Examples 10-13 

The procedure described above in Example 1 was repeated except the tetrabutylammonium salts 
contained the anions, acetate, methane sulfonate, toluene sulfonate and periodate in «q ,u.mola. ^amounts as 
shown in Table 5. The fluoroelastomer used was that described .n Example 3.<vmylidene fluonde 
hexafluoropropylene, tetrafluoroethylene, 45/30/25 wt ratio) and each example contained, per 100 parts of 
Sme?. 30 parts MT black. 1.9 parts 4,4-hexafluoroisopropylidene diphenol. 3.0 parts magnes-um ox.de 
a™ parts calcium hydroxide. After testing as previously described in Examp.e 1, there are no mold 
deposits after fifty curing cycles. 

Examples 14-20 

The procedure described above in Example 1 was repeated with the three fluoroelastomers descnbed 
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in Table 6 using tetrabutylammonium hydrogen sulfate as the crosslinking accelerator and, as crosslink. ng 
agent, hydroquinone, methylhydroquinone, 2,4-dihydroxyhydroquinone or 4,4^sopropy 
the combinations shown in . able 6. Using the tests described in Example 1 the data show w« 
crosslinking accelerator is used with the crosslinking agents, mold depos.ts are formed only m trace 
amounts or not at all after fifty repeated moldings in the same cavity. 



Example 21 

To a stirred solution of 100 g (0.31 mole) of the bisphenol crosslinking agen t 4.4 W 
afiuoroisopropylidene diphenol in 1 L of methanol is added 100 mL of methanol containing 25.9 g (0.1 mole) 
tetrabutylammonium hydroxide. After removal of methanol at 50-00 C on a rotary ^rator 124 9 of a 
violet-colored solid is obtained in which one third of the 4,4 -hexafluoroisopropyl.dene d.phenol .s present as 

3 ^IIS^T ^position of the present invention is prepared by blending the following on a 2-roll 
rubber mill whose rolls are at about 25* C: 100 parts of fluoroelastomer, 30 parts of carbon ^ack 6 parts of 
calcium hydroxide, 3 parts of macjnesium oxide and 2.5 parts of the mixture prepared above containing the 
tetrabutyl ammonium salt of 4.4 -hexafluoroisopropylidene diphenol. The fluoroelastomer is a "nyl.dene 
fluoride, hexafluoropropylene, tetraf I uo methylene copolymer with polymerized monomer units present m the 
20 weight ratio 45:30:25, and has a Mccney viscosity (ML-1 Oat 121 G ) of 70. 

The composition was cured and tested as described in Example 1. The compound Mooney v,scosity is, 
60. lower than in Comparative Example 2. compression set Is 17% after 70 hours at 200 C and there was 
no mold residue after fifty curing cycles in the same cavity. 



10 



15 



25 



30 



35 



40 



45 



50 



55 



8 



EP 0 333 062 A1 



0) 

> 

4J 
CO 
U 
CO 

§ 



g 

w 



o 
o 



o 



in m 



o 



n 



o 

n 

A 



CO 



in 



in 

CM 
00 



10 



15 



g 
co 
x 
w 



O 

o 

rH 



O 

n 



m m co 



a> o 
cm m 
A 



CO O 
• • 

^ r-> 



in o 
. in 

O CM 



20 



25 



a 
g 

A3 
X 
W 



o 
o 



o 
m 



mm© 

<M 



o 



o 
m 

A 



• • 

m cm 



■ 



in 



o 

CM 
CM 



30 



35 



40 



45 



c 

T3 



C 



c 
o 



c 
© 
1— ( 

>< 
a 
o 
^ 
a 
o 
j-i 
o 
a 

rH 
<4-l 

CO 
X 
0> 

x: 

\ 

T3 



4J 



50 



W M O 

0 O «f 

a d \ 

E rH © 

O <w vo 

u 



o 

CO 



c 

o 

X3 
CO 

u 



a) 
♦a 
•w 
X 

o 
>H 

-H 
O 

rH 
CO 

o 



0) 
X 

o 
e 

ft 
<u 
c 

CO 

as 



rH 












O 












c 


<U 


d) 








o 


-P 


TJ 








X3 


CO 


•H 








a 


<M 










•H 


rH 


o 








T3 


SU 


rH 








0} 






• 






C 


c 




C 




c 


<u 


o 




•H 




•H 


TJ 




§ 


E 




B 


-H 


o 


•H 








rH 


u 


C 


O 








tj 


0 


m 


W 


oT 








\ 


.p 


w 


f 


£ 




U 


•H 


•H 








o 


C 


U 


a 


e 


o 


rH 






o 


3 




CM 




■P 


to 




■§. 


rH 




C 


•rH 


c 


rH 




0 


-H 


o 


o 


>1 




c 


O 






c 


xs 


0 


a 


o 




a) 


u 


0 




55 


CO 


A 


M 




o 


rH 


rH 


& 


O 


w 


iH 


MH 


>1 


•H 


u 






X 


4J 


M 


cn 


e 


O 


CD 


D 


4J 






•P 


x; 


XJ 


rH 


>i 


g 


<D 


i 


CO 


>1 


0 






U 


N 


c 


C 


g 




-P 


c 


o 


•H 






Q) 




0 


g 


■P 






CQ 


32 







r* 

0) 
•P 

a) 
g 
o 

0) 



0) 



as 

E 



CT> CO 

c o 

•H CM 

4J I 

co a 



w < 
o 



g -H 



CM 
a 
© 

w 

•P 



o 
o 



co 

o as 

rH 

a - 
g 

co o 
CO o 
rH 

a> i 
u 

3 § 



O 

O 

4J 



0) 
CO 

2 

cm 



3 

T3 
O 



cc 
Cm 



x: 

c 
o 

CO 



w 
c 

0) 



CO 

G) 

u 

XI 

-p 

CO 

c 

o 

•H 
4J 
(0 

c 

o 

rH 

w 



55 



BNSDOCID: <EP 0333062A1.I > 



EP 0 333 062 A1 



> 



0J 



4J 

to a 

U 6 

as <d 



a 
s 

0 

o 



CO 



IT) 
00 



CM O 
*t © H 



• 5* 



70 



75 



a 

e cm 

(0 
Cd 



in ««*• 



in 



o 

w4 «H 



CO t— < o 
• • CM 
CO O CJ 



0> 

c 
o 
c 



20 



25 



a 

CO 



T3 

c 
1-1 

C 

o 
o 



a 

A3 
X 
U 



IT) 



in m 

fM H 



o 

H 



c 
o 
c 



30 



35 



40 



45 



50 



CM 



o 

CM 

r> 

CM 

in ac 
o 

a <*> 

g o 

<o o 

03 «H 



cu 



TS 
Q) 
J-» 
3 

u 

to 
o 

04 



( 

U) 
3 
r-» 
3 
•O 
O 



in 
c 



O 



5 

0) «3 



c 

0 



si 
© 

t? 

o 

in 

CM 



to 
a* 

E 



in 

fn 
I 

Q 



A3 

a* 



o 
o 



A3 



C 
0 

w 



o to 

< r-t 

3 
O 

. E 



A3 

C <P 
0) « 

4J C 

w o 



0J 



c 
o 



in 
Q) 

O 

in 

u 

a> 

• <P 
a *u 

O 10 

o 

O T3 

CM rH 

V. o 

^ e 

o 

r- c 



-P 10 

A3 n 

c Ui 

o a 

CD rH b 

6, W O 



•H 
C 



CD 
O 

•p 
a) 
a 



m 
•P 

•H 

01 

0 
CU 

g 



55 



10 



EP 0 333 062 A1 



pH 

. a 

a £ 

e nj 

o x 

u w 



o 
o 



o 
n 



in 



o 



O 



CM 



CO 
» 



cm a\ 

CO 



10 



15 



20 



25 



30 



35 



40 



45 



50 







u/ 


















rsj 




M* 


fc 






PS 


TO 






/-v 

u 


v 






r i 


r T i 








« 








iH 








a 


If) 






e 
























W 








a) 








r-l 








a 








e 


*r 














X 








w 
















a) 








i-H 








a 








e 








« 


r> 






x 








w 





c 
o 



o 
o 



o 
o 



o 
o 



c 

0) 
r-l 

>1 

04 

o 

U 

a 
o 
u 
o 

rH O 

* S 
x in 

V aT 



o 



o 



o 



o 
m 



in o 



m o 
• « 
5? m 



in 



in 



o 



O 

ON 



O VD 

O CO 

« • 

<N O 



o r» 

CF\ SO 
iH O 



O 

o 



o 



© 
o 



eo 



in 



o 
en 
A 



O 

A 



in 



o 

m 
A 



P 



in 

CM 



a) 
c 

iH 

a 
o 

Q< 

o 
u 

o 

5J- 



o 



<0 

u 



4J 

o 

m 
in 

<o \ 

x in 



c 
o 



<0 
pH 

i 

10 
X 

w 



(A 
O 

I 



JH 
a> 
e 
o 

W 
« 



o 

rH 

G) 

c 

0) 



c 



a> 

rH 

P 
0) 

o 
o 

i-H 
<M 
(0 

u 

Q) 
-P 



■C 
•H 
J-l 
O 

s 

rH 
<M 

<D 

c 

a 



c 



© 
C 
Q) 

rH 

>t 
JC 
P 
CJ 
O 

O 

rH 

<W 
(0 
U 

■P 
0 

4J 



<3 



o 

•s 

a 




vo in oj 
• • • 
«r <n ^ 



o\ in r- 

• « • 

r> *r vo 

cn 0> r-> 

» • • 

in <n ^ 



* 



CO 



CO 
♦ 

m 



CO 

•P 



a) 
c 
o 
o 

£ 



e 



a) 
to 



-P 
c 

O 



O 
P 



e -p 



u 

0) 
P 

a) 
e 
o 
© 



to 



c 
m 



O 
w 
o 



CO 

o 

1 

Q 



< 



-»H C 

e . ■ 

. o 

w o 

4-> -P 



55 



1 1 



EP 0 333 062 A1 



. a 

e « 

o x 

u w 



o 



o 

CM 



in 
in 
-<r cm 



m cm o 
• « n 
m r- -<r 



10 



75 



20 



25 




30 



35 



40 



45 













rH 




w 


• 




CM 


• 


























s 


u 










I 






rH 




CM 




a 


■ 


• 




e 








« 
















w 








a) 




iH 




rH 




• 




a 




in 




6 








<0 








X 








H 








0) 












• 




a 








e 








(0 


n 






X 








w 







P0 
t 



o 

00 

cm 



o 
oo 
cm 



CM 



O 

n 

CM 



•H fo r- 

• • CO 

vo m h. 
H 



o 

CO 
CM 



in 



eg 



O fN 



O 



r- in th 



o 

53 



o on tn 
m oo n 



r- <n in 

n rl N 



© «<* O 

© ra 



CO 
CM 



00 



CM 



o 

CO 



<a tp 
0) c 

c 



0 
r> 

~ s 

m X 

rH » 

a «* 

e o 

(D O 

CO rH 

I 



2 - 



Q3\ 



0 
E 
*3 
X 



0) 

u 

3 

U 



P 
tP 

c 

a 
P 

P 

CO 



c 

P 

P 
« 

C 

o 



CM 



o 

CM 

cm «J 
X 

M 

CD 



to 
in 

2 

wi cu 



o 

rH 

T3 
O 



O P 

rH « 

•H tP 

n c 

c o 

0) rH 



co 



CD « 



P 
3 
U 

4J 

W 

2 



3 «H 



3 

o 
x 



(0 

to 

* Q) 

£ M 

P JQ 
CP 

C -P 

0) <Q 
U 

«P G 

CO o 



CD 



-P 
RJ 
CP 
tt C 
C O 
0) rH 



P 

fH 
10 

© 

& 
o 

m 

r- <o 

CM OU 

X 

<D 

rH O 

cu o 

e ^ 
e 

03 t 

T5 to 

CP rH 

* •§ 

0) 

s 



4r 

Cm 

* 15 

«. ft) 

£ U 

P> A 
CP 

C 4J 

0) 10 
M 

+J C 

co o 

•H 

« 4J 

rH «J 

m c 

c o 

0) iH 

6-» W 



CQ 

T3 
O 
A 

4J 
CD 
X 



I 

in 
o> 
r> 
i 

Q 



CO 

< 



w 

c 

o 



fi) 
c 
o 
c 



0) 

c 

o 
c 



(0 

c 
o 

O 0) 



t 

0) 

c 

■H 

e 
o 
p 

XI 



T3 

> 
0 
U 

a 
o 

4J 



o 
a 

u 
o 

0) 

p 



in 3 



in 



o 

3 

V5 



-P 
C 
3 
O 
E 
A3 



(0 

E 

u 

(0 



in in 
a) c 

rH — • 
H-» 



u 

o 

in 

P 
p 

< 



c 

o 
o 

o 

w 

rH 



cn 
c 

•H 

ja 

p 
c 

3 
O 
E 
(Q 

P 



4J 

in 
o 

-P 

Q) rH 

4J *r 
Cm n 

CO 



03 
(0 

E 
3 

P 



c 

fM 

B 
O 

U 



OJ 
0) 

w 



o 
z 



0} 

-H 
X 

o 
u 

OJ 

a 



4J 



P 

cc 

Cm 



CO 



C 

(0 



> <0 



CP 
C 



o 
X 



u 
o 
o 
in o 

01 <N 

0) V 

U £ 

CU O 

I " 



m 

•H 
W 

O 

a 
a) 

Q 



P 
rH IC 

o c 

P 

to o 

fM 3 



p 
? 

o 

o 

p 



c 



in 
in 
o 
p 
0 

> 



p 

GJ 

P 

Q> 
M 

0) 
-C 

o 

Cm 
< 



in 

«j in 
c 

p in 

CO n 

4J O 



50 



55 



12 



EP 0 333 062 A1 



. a) 

a rH 

g a 

o e 
cj <c 

X 

w 



o o 

O m 
iH ^ 



in © o\ 



in 
in 



in o 

*£> rH 



n cd yj 

lil (N n 



70 



• rH 

e e 
o 

o x 
w 



in 



o o 
o r> 



in 



I t 



in 



in o 

A 



in 



o oo 



75 



a 
e 

o 
o 



0) 

rH 

a 
e 

X 

w 



o 
o 



o 



in o c\ 



n 



O 
m 

A 



in 



20 



0 

rH 

a 
e 

X 
w 



o 

o 



o o 



o 



ON 



rH O 

in n 

A 



co n N 
• • • 
r> in 



25 



30 



35 



40 



45 



50 



0) 


O 


c 


•H 






rH 






U 






o 


• 


iH 


•P 


&. 




o 






m 


o 


CM 


o 


\ 


rH 


o 


<P 


m 


<d 


\ 


X 


in 


o 




x: 




\ 


*» 


0) 




•o 


c 


-H 


0) 


P 


i-H 


O 


5h 




£ 


rH 


-P 


<4H 





0) 

rH -P 

O rtJ 

C U 

0) TJ 

XJ >i 

0, £ 

•rH -*H 

15 Jh 
P 



0) 
C 
<D 

0) .rH -*H 
D O >1 

x o > 



o 
u 
o 
3 



.X 
u 



rH Xi 



« 
U 
4-» 
0) 
•P 



c 
o 
.a 

P 

O 



TJ 

-rH 

X 

o 
u 
•o 

§ 

•H 

o 

rH 

o 



iH 

X 

o 
e 

-^H 
0) 

c 

<e 



a) 
c 

Q) 



o 

in 

a 
o 
« 

-rH 

o 

M 
O 

s 

rH 
<M 
X 
4) 

x: 
i 



-H 

rH 
0 

rH 
<4H 

§ 

c 
o 



0) 

-P 
T3 
O 



i 

-rH 

c 
o 



0) 



0 
J-i 
JQ 

S 

-H 
C 

o 



5H 
o 



o 
n 
x: \ 
o o 
o 

6 H 

3 CN 



c 

-h c e 



to a> 
-p w 

C r4 



c 
o 



«o rtj (d (C 



ir 

X> 



«P 
3 
XI 
(0 
P 

4-> 4J 4J 
V 0) V <u 
E-» E-» &h H 



0 
Jh 

o 

o 



(C tO <0 QJ 

u u u c 

o 
o 



rH 

o 
c 
o 
o 
£ 



e 

-rH 

c 



4-J 

c 



u 
o 

r- 



O 

(0 



o 



iH 

o 



t-3 



00 

o 

CM 
I 

o 



CO 



c c 

-rH -H 

r5 B 

(N - 

• O 

O CA 



55 



13 



BNSDOCID <EP„ ^0333062A1 l_> 



EP 0 333 062 A1 



CX, r-< 

e cu 
o £ 

O <C 
X 

w 



O 

n 

CM 



in cm 



o 



* n H 



in 

in 

CM 



> 
rtj 



70 



15 



20 



25 



30 













an 




c 


a 






-P 


1 


c 




(Co 













• 


iH 










D* 








e 


E 


in 


• 


• 


o 


<0 






o 


o 


X 






iH 




w 




















rH 








• 






m 


in 




8- 




• 


• 


£ 


(0 






a* 


O 


X 








u 


w 










0) 










r-t 














in 






& 


vrs 




• 
























w 









in 

r-l 

(N 



in 



o 
o 

CM 



© CO 



in 



r> o 

• H 



00 o 



rH 



in 



in 

O CM 
rH 



rH O 

(N fNJ 



CM H H 

. in 

V0 rH H 



O vo in 
• • r- 
n ffi (\ 



in >. 

5 



m > 

a) 



C 

o 



35 



40 



45 



SO 



rH 

i 

(0 
X 

w 



o 



a 
o 
r- 



tn cu 

a) x 

rH 

a. - 

b *» 

10 o 

co o 

a s 

rH 

03 TJ 

0) O 

Cu 



<0 
a* 



x: 
p 
tn 
c 

<d 
p. 

P 

w 

Q> 



c 

a> 
H 



<o 

Q) 

p 
Xi 

-P 

c 

o 

•H 
-P 
<0 
0> 
C 

o 

rH 

W 



• 

u 
o 

rg 

CM 



0) 

o 



a. 

e o 

« o 

W rH 



TJ 
O 
U 

U 

.P 
(0 

o 

04 



I 

0) 

p 

rH 

TJ 
O 
X 



(TJ 

X X 

- a) 

x: u 

CP 

C P 

p 

P C 

CO 0 



0 



03 

c 

0) 



4J 
« 

c 

o 

rH 

pa 



n 

js 
o 
r* 

& 

0 

in 

(M <C 

x 

01 

Q) 
rH 

a O 

e o 

<C r-l 

W 

I 

TS 

O 01 

< - 

.P T3 
« 0 
«J X 



(0 

cu 
X 



x: 

«P 
CP 
C 

a> 
p 

P 

to 

<D 



01 

c 

a) 

Eh 



0) 

p 

JQ 

4J 
10 

C 

o 

*ri 
«P 
<0 
CP 

c 
o 

rH 

w 



01 
0) 
rH 

o 
>1 
o 

o 

in 

u 

0) 
4-> 

< 

CD 

T3 

P XT rH 

Q) o o 
oi r- x 

c > c 

O O «H 
O 



01 
01 



o 
o 



a> cm 
u \ 

E O 

o 

O 



01 

■P 

*H 
01 
O 

a 
a 



55 



14 




EP 0 333 062 A1 



TABLE 4 





■ 

Example 


Example 
7 


Example 
8 


Example 
9 


5 


Composition 








10 


vinylidene fluoride/hexafluoropropylene/tetrafluoroethylene, 45/30/25 wt. ratio 
Carbon biack, MT 
Calcium hydroxide 
Magnesium oxide 

4,4-hexfluoroisopropylidene diphenoi 


100 
30 
6.0 
3.0 
2.0 
0.30 


100 
30 
6.0 
3.0 
2.0 


100 
30 
4.5 
3.0 
1.9 


15 


Tet'*aethylammonium hydrogen sulfate 
Tetrabutylammonium hydrogen sulfate 
Tetrabutyiammonium dihydrogen phosphate 


0.59 


0.67 


Mooney Scorch (121 " C/30 min.) 










minimum (Mooney units) 
Time to 10 point rise, min 


61 
>30 


56 
15 


56 
8 


20 


Oscillating Disk Rheometer 










ASTM D-2084, M H - M t N.m 
t s 0.2, min 
t c 90, min 


4.7 
5.0 
10.7 


5.4 
3.7 
6.1 


5.2 
2.9 
4.2 


25 


Press Cured Samples (177" C./10 ) 










Modulus - 100%, MPa 
Tensile Strength, MPa 
Elongation at break, % 


4.6 
11.6 
235 


5.4 
11.7 
220 


5.1 
11.4 
215 


30 


Compression set. ASTM D-395-61 , Method B 










70h/200*C. 

Deposits in Moid After 50 Cycles 


32 
none 


27 
none 


21 
none 
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TABLE 5 



w 



75 



20 



25 



Example 


Example 
10 


Example 
1 1 


Example 
12 


Example 
13 


Accelerator (parts by weight) 










tetrabutyiammonium acetate 
tetrabutyiammonium methane sulfonate 
tetrabutyiammonium toluene sutonate 
tetrabutyiammonium periodate 


0.60 
■ 


0.67 


n ro 
U.o<£ 


. 

0.67 


Mooney Scorch (121 * C/30 min) 










minimum (Mooney units) 
time to 10 point rise, min. 


56 
30 


63 
10 


59 
30 


50 
30 


Oscillating Disk Rheometer 










ASTM d-2084, M H - M L , N.m 
U0.2, min. 
tc90, min. 


4.6 
3.0 
4.7 


4.9 
2.6 
4.4 


5.1 
4.6 
9.3 


4.3 
3.3 
5.6 


Press Cured Samples (177* C/10 min) 








— 


Modulus - 1 00%, MPa 
Tensile Strength, MPa 
Elongation at Break, % 
Deposits in Mold after 50 Cycles 


4.7 
9.6 
200 
None 


5.0 
9.9 
215 
None 


4.7 
10.4 
230 
None 


4.3 
10.1 
215 
None 
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Claims 



1 A fluoroelastomer composition that exhibits low tendency to foul mold cavit.es which comprises 
J) a fluoroelastomer comprising vinylidene fluoride units and units of at least one pother Jluonne- 
containing monomer copolymerizable with vinylidene fluoride, said monomer containing 2-7 carbon atoms 

and containing at least as many fluorine atoms as carbon atoms; 

(b) a crosslinking agent selected from the group consisting of a bisphenol or a polyhydroxy phenol of 



the formula: 



75 



20 




or 




OH 



where R is H, or an alkyl group or aryl group and R is an alkyt group or an aryl group. 

(c) a divalent metal oxide or hydroxide as an acid acceptor; a ^ olorfttnr whi ch 

d 0.2-4 parts by weight per 100 parts by weight fluoroelastomer o a crossl.nk.ng accelerato wh.ch 
is a qua ternary ammonium Lit of the formula R« 4 UX' wherein each R is independently -an a kyl group 
25 of 2 10 carbon atoms or an aralky. group of 7-10 carbon atoms and X~ ,s 

consisting of fluoride, dihydrogen phosphate, periodate, acetate, hydrogen sulfate, methane sulfonate, 
toluene sulfonate, or an anion of a bisphenol or a polyhydroxy phenol of (b) above. 

2 A fluoroelastomer composition of Claim 1 wherein R" 4 N* X~ is tetraalkylammonium hydrogen 

30 

SUlf 1 e A fluoroelastomer composition of Claim t wherein R« 4 N'X" is tetraalkylammonium dihydrogen 

Ph °4 P Afluoroelastomer composition of Claim I wherein R' 4 N>" is tetraalkylammonium fluoride 
5 A fluoroelastomer composition of Claim 1 wherein R' 4 NX" is tetraalkylammonium penodate. 
6 ; A fluoroelastomer composition of CTaim 1 wherein R 4 N X" is tetraalkylammonium «rtate- 
7. A fluoroelastomer composition of Claim 1 wherein R« 4 N X" is tetraalkylammonium toluene sul- 

Ta fluoroelastomer composition of Claim 1 wherein R" 4 N*X" is a tetraalkylammonium methane 

40 $Ul,0 9 na A fluoroelastomer composition of Claim 1 wherein R* 4 N*X~ is a tetraalkylammonium salt of 4,4- 
hexafluoroisopropylidene diphenol. 

10. A fluoroelastomer composition of Claim 1 where each R independently ,s an alkyl group of 2 4 

Carb °i n . A°fluoroelastomer composition of Claim 1 wherein each r" is an alkyl group of 4 carbon atoms. 
45 12 A fluoroelastomer composition of Claim 1 wherein R is n-butyl. 

13. A fluoroelastomer composition of Claim 1 wherein the divalent metal oxide or hydroxide ,s calc.um 

or ™9 n l s ^ oe{astomer oomposition 0 , claim 1 wherein the curing agent is 4.4 -hexafluoroisopropylidene 
50 d ' Ph ^5.°A fluoroelastomer composition of Claim 1 wherein the curing agent is hydroquinone. 
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